I N T R O D U C T I O N
Many extragalactic sources have been found to show significant variabilities at low frequencies on time-scales of months to a few years (e.g. Dennison et al. 1981) . The short time-scales of the variability, if intrinsic to a radio source, imply a close insight into the physics of the central energy source of the active nuclei. The confirmation of variability at low frequencies (Hunstead 1972) raised questions about intrinsic models, and models of being a consequence of propagation effects were proposed by Shapirovskaya (1978) and further developed by Rickett, Coles & Bourgois (1984) . Currently, both relativistic bulk motion (e.g. Blandford & Königl 1979) and refractive interstellar scintillation (RISS) (Rickett 1986 ) are commonly used to explain the low-frequency variability (LFV) phenomenon. Multifrequency monitoring programs (e.g. Mitchell, Dennison & Condon 1994) confirmed that the above two mechanisms are responsible for the observed variabilities.
The quasar 4C 38.41 ðz ¼ 1:814Þ has been classified as an OVV (Mattox et al. 1993 ) because of its strong optical variability. Barbieri et al. (1977) reported the source light curve in the B band from 1969 May to 1976 May. The variations are visible on both long and short time-scales. The violent optical variability was confirmed by Villata et al. (1997) in the R band, and an outburst was detected with a brightness increase of 1.95 mag in 7 d after a period of quiet emission. The subsequent dimming phase was extremely rapid, and a noticeable intranight variability was also revealed. It has been recently established for 4C 38.41 (Barthel et al. 1995 ) that enhanced levels of activity in the optical and g-ray bands are associated with the emergence of new jet components.
The g-ray flare is often accompanied with a flare at low frequencies (e.g. Reich et al. 1993) . The relativistic beaming hypothesis and the unified scheme for AGNs (Schlickeiser 1996) are supported by the observation of the non-thermal g-ray radiation from the flaring blazars.
During 1992 November 17-December 1, the quasar 4C 38.41 was detected in the g-ray band (.100 MeV) with a spectral photon index a g ¼ 1:87^0:07. The flux varied by a factor of 1.5 within 24 h. The g-ray luminosity is at least two orders of magnitude larger than the maximum ever observed in any other band (Mattox et al. 1993) .
The quasars 4C 38.41 and 3C 345 show variabilities at high radio frequencies (e.g. Aller et al. 1985) . LFV phenomenon has also been detected in the quasar 4C 38.41 at 327 MHz (Peng & de Bruyn 1995, referred to as Paper I hereafter) , and in the quasar 3C 345 at 408 MHz (Spangler et al. 1989) . In this paper, we present 14 new observations for the quasars 4C 38.41 and 3C 345, and investigate their variabilities over roughly 5 yr of all the Westerbork Synthesis Radio Telescope (WSRT) observations by combining the previously published data. In the following section, data reduction is briefly described. In Section 3, the light curves and the variability analysis are presented. In Section 4, the implications of our results for 4C 38.41 are discussed in the frame of the relativistic bulk motion model. The conclusion is given in the last section. Throughout this paper the radio spectral index is defined by S n / n 2a , a deceleration parameter q 0 The data reduction of the selected observations was carried out with the standard Dwingeloo NEWSTAR 1 analysis package. First, preliminary data editing was performed to eliminate obviously bad data. Secondly, for the data of January 12 in 1993, which had the best uv coverage among these 14 observations, the visibility model relative to the standard calibrator was constructed by the NEWSTAR program NMODEL (Noordam 1994) . Subsequently, for each epoch (by taking the resultant model of January 12 to be an initial one), the NEWSTAR task NCALIB was run to perform self-calibration only for phase corrections with redundancy of WSRT data, in case 3C 345 might be variable at 92 cm. 3C 345 was known to be variable at 408 MHz on a time-scale of 0.6 and 3.0 yr by structure function analysis (Spangler et al. 1989 ). Updating it with task NMODEL, we finally obtained a model by best-fitting to the observed data. The flux densities and their uncertainties are obtained, with primary beam correction given as a cosine function (Noordam 1994) . The results are summarized in the last column in Table 1 .
Previous WENSS data
The previously published data (Peng & de Bruyn 1995) came from the data base of the Westerbork North Sky Survey (WENSS) project. From a mosaic field WN37_248, four (sub)fields were picked: WN37_248_(34, 35, 38 and 39), each containing 4C 38.41.
Another three fields WN37_248_(37, 53, 54) were selected for 3C 345. Central positions are kept in the WENSS data base at Dwingeloo for these selected (sub)fields of WN37_248.
Each field is independent and consisted of six 12-h observations which are separated mostly by about a week. These six WSRT observations were made at wavelength 92 cm during the period from 1991 December to 1992 January.
Besides using the NEWSTAR package, two subsequent calibration techniques were applied: calibrations relative to the standard calibrator(s) for the WSRT, and to the reference sources in each field in order to obtain high gain stability. The flux variability of 4C 38.41 was detected (see details in Paper I).
VA R I A B I L I T Y A N A LY S I S
The light curves of both 4C 38.41 and 3C 345 are displayed in Fig.  1 with errors of the measurements, in which the epochs in 1989 May were plotted as the first three epochs, followed by the other 11. The flux variation in 4C 38.41 is identified evidently, but that of 3C 345 is not.
Variability
To establish variability from a set of an individual flux density measurements S i with error s i , we follow several other investigators, (Kesteven, Bridle & Brandie 1976; Fanti et al. 1979; Seielstad, Pearson & Readhead 1983) , in defining the following quantities
The flux error assigned to a single flux measurement, for any monitored source, is a combination in quadrature of two types of errors: flux-independent and flux-dependent errors. The former, The x 2 and fractional variability Vð¼ DS/kSlÞ were estimated. By using the subsidiary programmes made in Paper I, for 4C 38.41 and 3C 345 the fractional variabilities V are 11.6 and 1.4 per cent and chi-square measures x 2 are 157.9 and 11.1, respectively. The probability P(x 2 ) of exceeding the observed x 2 by chance is far less than 0.1 per cent in 4C 38.41, and larger than 20 per cent in 3C 345.
We therefore conclude that 4C 38.41 is variable at 92 cm, and that 3C 345 is not variable.
4C 38.41 has been monitored by the Arecibo 305-m radio telescope for roughly 14 yr between 1980 January and 1993 October, and was identified variable at 318 MHz (Salgado et al. 1999 ) by three different determinations: visual inspection of the light curve, modulation index calculation and structure function analysis. Unfortunately the flux measurements were almost missing during the overlapping period of the WSRT observations at 92 cm.
Structure function
Structure functions (Simonetti, Cordes & Heeschen 1985) can be used to analyse the characteristics of variability, and to search for typical time-scales and periodicities. A characteristic time-scale in a light curve, defined as the time interval between a maximum and an adjacent minimum, or vice versa, is indicated by a maximum of the structure function, while a periodicity in the light curve causes a minimum of the structure function (e.g. Heidt & Wagner 1996) . Each structure function was derived twice by using an interpolation algorithm, first starting from the beginning of the time-series, and secondly starting at the end and proceeding backwards. This provides a rough assessment of the errors caused by the interpolation process.
In Fig. 2 we plot the structure function DðtÞ ¼ k½SðtÞ 2 Sðt þ tÞ 2 l t of the total flux density for all 20 epochs, where kl t is the mean over time. The structure function shows a clear maximum at t , 35 d before extending to a plateau. No typical periodic time-scales, which should cause a minimum in D, can be seen because the structure function diverges after a timescale of ,50 d (dashed line in Fig. 2 ) as a result of the poor sampling of the measurements.
Possible periodicity in 4C 38.41
In an attempt to search for possible periodicity in the flux variations of 4C 38.41, the above 14 observations are combined with the six mosaic measurements published in Paper I to form a time-series of a data set. We assume the flux density (variation) of the quasar 4C 38.41 could be expressed as where A i refers to the amplitude, n i the frequency, t the observation epoch, t 0 ¼ 1989:411 the first epoch, f i the phase in unit of 2p, and A 0 the expected mean value of amplitude. Fourier transform for unevenly spaced data (Deeming 1975 ) was performed by a procedure MFA (Hao 1991) with both linear least-squares fit and full non-linear least-squares fit. Two periods are identified at 2.4 and 10.7 months by best-fitting the combined light curve. However, it should be noted that this result is based on poor data sampling and is thus suggestive only.
D I S C U S S I O N O F T H E VA R I A B I L I T Y O F C 3 8 . 1
The peak g-ray flux of blazars is correlated with the average 5 GHz flux density, which means that the g-ray emission is associated with the radio emission from the jet (Mattox et al. 1997) . For 4C 38.41, strong g-ray variability was found during 1991 April and 1995 September in the first 4.5 years of EGRET 2 operation (e.g. Mukherjee et al. 1997) . Some simultaneous observations with the ASCA and EGRET reported time variability for 4C 38.41 (Kubo et al. 1998 ). On the other hand, the short time-scale variability of a few months at centimetre wavelengths found for 4C 38.41 implies such a high brightness temperature that in the compact sources that bulk relativistic motions of the synchrotron emitting plasma at viewing angles close to the line of sight has to be invoked.
Doppler boosting
High luminosities and variabilities in radio sources are often thought to be related to orientation effects. Barthel et al. (1995) provide evidence of superluminal motion in 4C 38.41. Doppler boosting enhances the activities as the relativistic motion is observed at small viewing angle. The apparent brightness temperature is given by Gopal- Krishna, Singal & Krishnamohan (1984) ,
Transforming to the comoving frame of the source we have
where DS is the flux change during a period t, k is the Boltzmann constant, u app < 2ct/D a is the apparent diameter of the variable component based on the causality argument, D a is the angular distance of the source (Lang 1974) , c is the speed of light and d is the Doppler factor. Two pronounced monotonic flux increase and decrease in the 4C 38.41 appeared in the 14 short observations at wavelength 92 cm. Accordingly, the flux density increase was 0.13 Jy during the period 1993 January ,6 -28, the apparent diameter of the variable component would be u app < 1:48 £ 10 211 rad, i.e. 0.0031 mas, taking the angular distance D a calculated in Paper I. The brightness temperature T B , 5:2 £ 10 18 d 23 K could then be estimated in the comoving frame, far in excess of the inverse Compton limit (Kellermann & Pauliny-Toth 1969 Gopal-Krishna et al. 1984) with estimated d of ,65 or even , 150 assuming a spherical, incoherently radiating synchrotron source.
VLBI structure
Very long baseline interferometer (VLBI) observations at 5 GHz (Pearson & Readhead 1988) show a structure in 4C 38.41 with three components, two of them extended toward position angles of 1158 at a distance of 0.34 mas, and 2638 at a distance of 1.08 mas. At 608 MHz (Parielli et al. 1991) there is a compact core with an extended structure to the west up to 20 mas and some indication of the extension to the east up to 10 mas. Global Mark 2 VLBI snapshot observations at 92 cm (Altshuler et al. 1995) reveal both some extension to the east (, 20 mas) and greater extension to the north-west along a position angle 2 358. Such a structural pattern at the range of frequencies from 327 MHz to 5 GHz is typical for a core-jet morphology. The recent sub-milliarcsecond images (Kellermann et al. 1998) at 15 GHz by the Very Long Baseline Array (VLBA) classified the core-jet structure of 4C 38.41 as single-sided, which is the result of differential Doppler boosting of an intrinsic twin-jet structure.
Viewing angle u
The relativistic outflow in an AGN can be defined by two intrinsic parameters: the speed of the jet flow or the Lorentz factor G (calculated from the apparent superluminal speed b app ) and the viewing angle u. The angle to the line of sight is given by Ghisellini et al. (1993) ,
Taking b a ¼ 4:8 (Xu, Wehrle & Marscher 1998) and the minimum value d , 138 from this paper, the corresponding angle to the line of sight u is less than 0.18, which agrees well with the unified scheme for core-dominated quasars of less than 108. Additionally, a viewing angle of ,28 was derived from EGRET experiments (e.g. Sreekumar et al. 1996) . This provides strong evidence that the quasar 4C 38.41 radiation is produced by a relativistically outflowing jet which beams emission towards observers. The observed flux variability could be caused either by a small change of the viewing angle or by a small diameter variation as discussed in Paper I (equation 5 or equation 7). The dynamic process may lead to variations of the projected size of the source or the viewing angles of the line of sight with respect to the direction of emitting. Jets in quasars may be powered by rotating black holes in the nuclei, e.g., (Blandford & Znajek 1977; Moderski, Sikora & Lasota 1998) . The variation of the rotation axis of the black hole caused by the Lense-Thirring effect can result in a change of the orientation of the nuclei jet (e.g. Scheuer & Feiler 1996) .
CONCLUSION
The results from the analysis of the additional 14 observations with the WSRT have confirmed the rapid variability in 4C 38.41 at 92 cm as detected in Paper I. From the 20 WSRT measurements during a period of 5 yr, there is no detectable variability observed in 3C 345 at wavelength 92 cm.
Statistically, we have derived variabilities of 11.6 and 13.1 per cent at 327 MHz in 4C 38.41 from the 14 short observations and the previously published six mosaic WENSS data, respectively. Our observations agree well with the variability of 12.4 per cent at 318 MHz obtained from the 14-yr low-frequency flux density monitoring program, performed by the Arecibo 305-m radio telescope between 1980 January and 1993 October (Salgado et al. 1999 In light of the variabilities over the broad wavebands from radio to g-ray, also the fact that the two quasars 4C 38.41 and 3C 345 are close to each other in the sky (less than 2.48 apart), it is unlikely caused by the RISS but intrinsic to the source.
AC K N OW L E D G M E N T S
The author thanks Dwingeloo Observatory in the Netherlands for its hospitality, Dr W. Yuan for carefully reading the paper, and expresses special thanks to Dr A. Kraus at MPIfR in Germany for sending his computing programme on deriving the structure function, and to the anonymous referee for very valuable comments. The Westerbork Synthesis Radio Telescope is operated by the Netherlands Foundation for Research in Astronomy (ASTRON). This research is supported by the National Nature Science Foundation of China.
